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Examiner Tran is also thanked for indicating the allowability 
of claims 29 and 30. It is believed the entire application is in 
condition for allowance for the reasons set forth below. 

The 35 U.S.C. § 103(a) rejection of claims 23-28 and 31 over 

U.S. Patent No. 5,591,453 to Duchevne et al. in view of 

International Patent Publication WO 92/20623 to EinargpiAd et a^. is 
respectfully traversed. A feature of the claimed method of 
administering a biolog-ically active agent into a human or animal 
body is the coimplete dissolution of a silica-xerogel carrier within 
a desired time period upon contact with body fluid. See Fig. 1, 
which illustrate the controlled release of a small biologically 
active molecule from a silica xerogel carrier. Release of the 
molecule and dissolution of the carrier are almost linear, which 
would not be the case if diffusion was the primary release 
mechanism. 

The cited combination of references fails to raise a prima 
facie case of obviousness against the claimed method because the 
cited references fail to disclose or suggest the complete 
dissolution of the silica-xerogel feature of the claimed method. 
None of the Duchevne et al ■ examples indicate that its silica glass 
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carriers completely dissolve when in contact with simulated body 
fluid. 

One of ordinary skill in the art would understand the Duchevne 
et al , carrier does not have to dissolve cortpletely to achieve 
release of its biologically active agent. Instead, Duchevne et al , 
teaches that a biologically active agent may be controllably 
released primarily by diffusion through the pores of its silica- 
based glass. See > for example. Col. 5, lines 15-17 (*In the case 
of pure silica glass, the release of the biological molecules from 
the carrier is effected primarily by diffusion through the pore 
structure"). Col. 9, lines 16-18 ("Because of the controllable 
microporosity, a subsequent controlled release of molecule is 
achieved.''), and Col. 14, lines 38-39 ("Larger pore sizes 
facilitate the release of larger molecules through diffusion.^) 
(Emphasis added) . Since the primary release mechanism is taught to 
be diffusion, biodegradation of the Duchevne et al . carrier is not 
required for release. 

The Patent Office argues it would be obvious to modify the 
porosity of the gel to obtain a desired release rate. However, 
porosity is not a key factor governing the <aj.ggQlut^ion of a silica 
monolith, as demonstrated by viitala et: al . , ^^Adjustably 
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Bioresorbable Sol-Gel Derived SiOj Matrices for Release of Large 
Biologically Active Molecules,' 36 J. Sol-^Qf^l Sci , Tech. 147-156 
(2005) (copy attached) , Fig. 2 and Tables 2 and 3 show that a first 
SiOi monolith (Binl2) can dissolve faster than a second SiOa monolith 
(AmOl), even though the first monolith (Bml2) has a specific 
surface area or a pore volume that is less than one hundredth of 
the second monolith.^ 

One of ordinary skill in the art, having read l^^gheyne et aX. , 
would be concerned with controlling the rate of release of a 
biologically active agent bv diffusion of the agent through the 
silica glass, and would not be given any reason to consider 
controlling the biologically active agent's release rate by 
controlling the biodegradability of Duchevne et al , ^ s silica glass 
carrier. 

The deficiencies of puchevne et al . are not remedied by the 
additional disclosure of Ei^qarsrud et al.. v/hich also fails to 
disclose or suggest the complete dissolution feature of the claimed 

^Like porosity, the chemical composition of a silica-xerogel 
does not primarily determine its biodegradability- Instead, the 
dissolution rate is mainly governed by the structure of the 
continuous silica network, which itself is dependent upon the 
parameters of the method used to produce the silica xerogel 
(Specification, page 8, lines 1-10) • 
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method of acaministering a biologically active agent into a human or 
animal body- Instead, Einaramd et al. discloses gels suitable for 
insulation, and its main en^>hasis is on obtaining gels with high 
porosity. As discussed above, porosity is not a key factor in 
determining the dissolution rate of a silica xerogel monolith. 

Reconsideration and withdrawal of the obviousness rejection of 
claims 23-28 and 31 wey Duchevne et al , in view of Einarsrud et 
al , are earnestly requested. 

It is believed this application is in condition for allowance. 
Reconsideration and withdrawal of the rejection of claims 23-28 and 
31, and issuance of a Notice of Allowance directed to claims 23-31, 
are earnestly requested. The Examiner is urged to telephone the 
undersigned should she believe any further action is required for 
allowance* 

A Petition and fee for a one month Extension of Time are 
attached- It is not believed any additional fee is required for 
entry and consideration of this Request, Nevertheless, the 
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Coiratiissioner is authorized to charge our Deposit Account 
1258 in the amount of any such required fee. 

Respectfully siibmitted. 




Atty, Case No.: 3IEEzlAfizA 
100 Daingerfield Road, Suite 100 
Alexandria, Virginia 22314 
Telephone: (703) 838-0445 
Facsimile: (703) 838-0447 



Enclosures : 

Petition for Extension of Time 

Viitala et al-, **Adjustably Bioresorbable Sol-Gel Derived SiOj 
Matrices for Release of Large Biologically Active Molecules, " 36 
Sol~Gel Sci. Tech. 147-156 (2005) 
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Abstiaet. Amovphous, sol-ficl derived SSO; are fcnwn U> tiiocoinpabbic and biaresctfbabte iiaater1iil&. filoie^ 
aoAaUe materials have potendal applicodons as implAnts or iniectable motnccs «i) (hft contit^Ued delivery of bid- 
loigktfty aetiva igenis ia d&a living tissue. Bloreaoit«ble tnairices provide desirable prpparties, d.g., extra fatnovol 
arenfioBsihat liave to bo done with bit>6iable marrices are avoided and the ra)ea$e of largje therapeuiic tnoiecules oaa 
be eonljollad by matrix d^radation rather than by difiusicm. New ixuponani groups of dniga, aueh as biotechnknily' 
piodueed pqnidea and protoiM, are pateatial n> be encapauiated in bioresorbablv SiO:. because ihey lue typically 



wliain idl aonespoRdvBBoailioukl bs nOUtBMml. 
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l«g« in siJte and their dlrecior-Udmlnisuadonwitha^^ 

10 «Wwe a wide nmgc of SiOi bioresorpiion mc« (from days to morvths) ar<i uiiroduced in thiifmidy. TAU i& aor» 

ttKfASorihe fiol and Hy using dl£fbwnipr«parwlQ»i nw*gds *pmy^ine aiul frccrcdryinfi). Thes«epi^ 

n^boloeie» inolude Iroptomahle monolithic sUokft and injeciablc microsptocs. Tlw uaponancc of chemical 
AKUcnue is bIkwh in cvnipwison wiilJ the qpeeiiic surface area aind pore volume. 

Keywords sol^gel Kclmlque. xerosea. bknesorpiion, porotliy, alUca 



L bttrodoetloB 

Ttesue-firiendly $ol-gcl derived SiOt xerofiels am 
tentifii biomat^ah lo be used &s matrix maiedah 
for contrulled release of different Idud of blologi- 
caJly active agents» such as oonvemional stnell-tized 
druc rooleculca ll-4| or for a growing number of new 
biotachnical drug moiectkJes. aueh a$ pepudes and pro 
tains (S-^). Bioiechnically-produced drugt r>eed new 
adminlsLradon technolofiiefi thai have a key cole in fu* 
uixt. ftoieina could be used u vacciTifi&, sustainied re> 
lease of j^owih facv>r proteins could regenerate dam- 
a0ed tissue, or they could bs used as iuch in tATfieted 
areas to replace the f\nicdon of a twi^md protein. The 
commonly used oral admlnbtration is impottaible due 
to degradaiion in the normal digffstios &y sieoi and oilier 
administrsDon tecbttol ogles are needed. In some eases 
h would be beneHclal lo adnunistrase pxofdna as such 
locally to desired liuratf^ e.g., by injection or Iroplonta- 
rion. To awid repeated ti^ecdons and to achieve sus- 
tained sind eontiolled release, biocompatible and blore* 
sorb^e biomaierials provide apotentinl solution. Bio- 
matefial cacriecs could nlao work as a protecting maista 
for proteins to avoid loo earty degradation in oral ad- 
mlnisirsnlon. 

The lemi bioresorbable is often used to describe map 
tsiais degradation in or in contact with itie living o^ 
ganisnki mostly for implanted hiomaterinls in living 
tissue describing a removal of Uquid phnse degaid»> 
don products by cellular activity. The administntuon 
with ihoaa mairiees have three main challenges lo over- 
come: riiey should be biocoropaiible. ibo celeasefaiies of 
molecules should beoonvoUedon a Ivge aoQle and flw 
moleoales should retain dieir biological aedviiy dur- 
ing and afler the encapsulation. Local adminislfadon 
for taigeied therapy reqtnres also pieparaiion of dlffier- 
entoorpbologies, tf.g.» small sdck-formed implants or 
li^Jecukble microspheres with microinvasive propenies 
(minimal damage m tissue). The desired release rates of 
blologicaUy active ogents vary depending on the ai^U- 



cadonandone should bo able to tidjustihebiocesopnion 
rate &om shon (days) to longer (rooniha, years) time 
reiense. 

The aol-gel cechnalogy Is a flexible method wi* 
vrumy advantaj$cs. Addition of biologically active 
agents bito silica sol » done in the liquid phase pro* 
viding possibilities for homogeneous distribution of 
molecules. Another advantage of the sol-gel method 
is me low-tempemture prticcssing, which Is useful, 
c.g.> for proteij^i. Temperaivra can be kept low dimugb 
ihtf whole sol'get process (eommonly widtin (MO*^). 
Tlie silica sol- gel pcocess is strongly dependent on 
the w&ter-<o-Riltca precursor cailo, pH and lempeni- 
niie. which make it challenging with respect to the 
peptides cukI proteins. Although (be temperarone and 
pH-window for proteins to reiaia their aedviiy is quite 
neziow, also aging of the sol and gel dry ing con be used 
to adjust the rasitriji properties [9]. 

ThcpoientiAlofSiO^ xepogH tnoiricesfdr controlled 
delivery of small drug molecules have been shown boih 
In vttra and in viw [ 1 0. 1 1 ] . Also pnicolns oQcapStOattd 
in SiO} matrices have been shidied earlio; but in those 
cases the main focus has been in ihc use of SiOs as 
a static catalyst carrier mntrix for en^ynoes [1 2» 13] 
and in the smdies on the activlcy of ihe eacapsulated 
molecules [14-1 9]v but not Ift the release of molecules. 
The pore diameter of sol-gel derived SlOa varies typi- 
cally from \ to lOnm [9] and the out-dilTiifiioa of large 
biologically active molecules is iize«controUed. In a 
such case adjusteblobioresorption of S\Oi xerogel has 
an Imponanc role. 

Bioresof ptlon con be homogenous (buUO or betero- 
fieneoos (surface). The siicf«ec degradation or surface 
eioslon oecun ai ibc surface of the nnatetial The bulk 
degmdation is tlie most common maiha degmdaiioa 
mechaiusm {20) where the mamrials degrade boinoge* 
neously throughout the matrix. The degrsdaiion of ma- 
trices Is ofiicn a cambinatioa of these mechanisms. Tbc 
bioresorptlon of the silica matrix depends bodi on tbe 
chemical and pote structure of the matrix. Aldiousb 
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thm ore lot or possibilitf es to ftdjud tl^e silica pore 
structure more aecuraitly Bnd (o larger pom jtizos e.g. 
by ^elNwtsembling oreaoic nddltives [21], to maich 
wMilbe protein sim. ^ conventkkAa] sol-^al znetbod 
hps SliJl advantagec. The use of orgaitic Addiiiyes is 
chaltmgin; , espeefally rn jfru ftddickm of liirge and sen - 
sitlveblPlogical^ acdve snolecLaea. Thia U diK to addi- 
tional ImetflctiMia between moleroleSr biocompoilbil- 
1^ of self-ASSembUn^ amphiphilic laoleculea and the 
itmov&l of ofganic poroscn additivtt <wi ihou t fofnoval 
or denaiuratlaiD of biolosieally active molecules). An- 
other imponant fbctor affccdng ihe (nmrix de^radailoo 
is iba ctMimcia siruciui« of the SiChfiOl matrix. Low 
degree of eondftnattiion(e.^. by tawwator-to-«ilica|iTv 
aar«orratioiukdplleear2|22])meam nione fteeOH- 
groups oo tiie surface and fiuter bioresorpoloa How- 
ever, fhecbamical smiciiucafitcts alao Lhe^ggregntion 
of colloidal MllcB panlclea and aggr^alo structure and 
consequently the fbnned para stniciuic meaniiig that 
iheieare alsoohaUengfia in adjusting thebiorasorpcion 
latc OQ convenilonai aol-gel denved ailica. 

The main aim of this study liaa been to usoproteli^ 
fiiettdly pH in the preparation of SiO; xerogel nrkatn- 
oes and at tiw sanie time lo main the pos^iibilUy lo 
ocyusi bloreBorption (here: degradLiUon in vitro by dU- 
ttolution at (be body iluid pH) on a Iftrge scale. Hifih 
letnperanices and very acidic or ba»ic pH are avoided 
becaose ihey may denature proteins. Bovine serum 
buAin <BSA) is used as a model protein. By chang- 
ing the sol conipoisiiion, precursor conceoiraxlons;. pFI, 
temperature, and aging time diffCKAt flnotrtces were 
prodticed. Both microspheres (spray-diied) and mono- 
lithic iticln (at low temperature dried gels, i^. »cero- 
geis) are pnspared. Some of these mairlces were doped 
with BSA and preUraioacy protein reJease profiles ore 
shown. In vitfo blotesorpiion of SiO^ xerogel mauJces 
was studied in sink condidons. CharoctefJsatton of the 
irunrices is done by N3 sorption isotherms. 



2. MgurlalagndB&Uioda 

Micropanides 

SiO) xeiogol matrices were prepared by the hydroly- 
sis and polycondensfllian of leimeibOAytalane CTEOS 
98 Aidcich). DlffBtent HiO/TEOS mole raiios (R), 
eibanol amounts. pH, and aging limes were ussed for 
Ibesoltt. Hydiochlohc acid (HCI) and sodium bydrox* 



ide (KaOH) were used to adjust the pH. The Inidal pH 
orihc sols were between 2-3 and ihe pH was raised 
LO 4.4-6.3 before the protein was added into ihc sols. 
Bovine wsrum Dibumln BSA (bovine albumin exuocted 
fi-om buffalo blood) is used as model protein. It has the 
molecular weight of 68 OOO g/mol Brown and Sliock- 
ley (1982) have consuucied a modet of BSA as having 
a shape of cigar in size 140 x 40 A [23]. 

The sols wer« divided into 3 groups A, B and C as 
shown In T|»blo I. In Oroup A, die initial pHi of the 
sol iB 2,8 and ^, is 10-30 (7? ^ K2O/TBOS). Ato ibe 
so) hydrolysis the pHi was raised to a ptotein-ftimidly 
level <pH3 =• 4.7-S.3). BSA was added into the sol 
In a water solution, which raises the Ri to K;. Ma- 
trices, boih monollihlc sliclcs and microspheres, were 
prepared with and without BSA. In Croup B, Ous initial 
i?i Is onJy 2, pH| is 2 and also ethanol ia used In the sol 
(EiOH^OSt «i The goal i« 10 minimise tbe de- 
gree of condensation In order to prepare relatively fast 
dissolving SiOz xtrogel nutiices. After iho hydioly- 
8la» the sola were aged dUIiereiit tinoe periods ranging 
from 2 1 to 95 h, ai 40rC- W houw corresponds to ml- 
asive sel dmes, r^ci ^ 0.9-0.95 {9^ « 0 corresponds 
the preparaUon of a aol and rpd 1 .0 oormaponds ifac 
gel foraaaUoA (gel point)). During thai lime hydrOly- 
sis, condensation a« well aat Ose particle /ormailon and 
giowtb proceed simultaneously and the extern of the 
processes depends on the particular cofldidons. After 
sol aging the 5icl was diluied (expect (he liieeze dried 
6ol>. and tbe pH was raised lo 4 A-6.9. The aoto. which 
wene used to produce microspheres, were Icepi in an 
ice bmh HA iht base was added (to avoid too fast gel 
formadon; the sol h»ve to be in the liquid state dur- 
ing the spray diying). In Group C the i?i was IS or 30 
and die initial pHi was 2. The ajging lioic of the 6ot 
was between 39-66 h, at 40*C. The pHj was rsised 
after aging except in two cases. Thc» o mairices (Cml B 
and Ch)2t) are not suitable for proteins. Two matri- 
ces (Cm20 ana Cm2a) with 3 m-% BSA were done. 
Microaphems were not prepared in OroMp C. 

Monolithic sticics were pn^ared in a cylindilcal 
teflon moulds (3 x 25 mm]. Tbe aol was injected Into 
the moulds where the gelstion and drying occurrctl. 
Sols and tlje formed gels were aged and dried ai 4'C 
or at 40°C and 40'Xi relative humidity (see Thble 0. 
No further lieat-treatmem waa uied. The diying pro- 
ccM of liic monolithic slicks at 4 or 40'C Is a slow and 
unforced process done at constant conditions, where 
die gel stmeture U formed. In otder to shorten the dry- 
ing time of monolitli, one specimen was frecze-dried 
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i» vacuum u ^ ICTC MicroapNcrc» were prepared by 
spray tfifi sillcft sol with a mItU spray dxyer (B«191. 
BttcW Loborttthnik AG, Switzerland). Tbc following 
proceis pttTAmtstcr were uAe<l: pump 16%« ospifaior 
95%, and flow 600 1/h. The lenipenkkure during tho mi- 
crosphera rormttiion in only imiauitly 91 elevated Itvd, 
at i20-135'*C (hxlcc icfOpetature). Solvcnta toe forced 



10 evaporaw ftst an(l idaiJvely diy mScMMpbetci ut 

obUiined. 

2.2. SifD^ Relsast 

9Kh xerogel oaa^x iCBOfpiion Is measured in 0i>5 
M THIS (Trizma^ preset CzysialB» SI&m) sducioa 
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iMiffMCd at pH 7.4, T ^ 37»C. The TOJS ww wcril- 
isfid at l2rC before use. Tbc SIO3 conconuuiion in 
the TRIS wu kept below ^ ppm (to ensum (n sink 
eandMons; f^e diasolauon of the SiO? inBtriA). Tb£ 
SiOs samialion level ai pH 7.4 ia about 130 ppm. If 
needcO, 75 % of llie cKssoluUim medlurn wm Ranged 
10 tbe fxeib THIS in order to keep ihe SiO- concen- 
UAiioQ below 30 ppm. The Si concentration was rnea* 
sufCd mch spectfopboTomeier (UV-1601, Shtmadzu) 
analyeing the qiolybdenum blue complex absoibanee 
ai820nin. 



3.1. Protein Raleaie 

BSA release is analysed with Ihe fluofesceace ineihod 
(PhoTOltebnology Intanucioiial) with NanoOrange N- 
6666 Kit (Molecular Probes). A move diluted TKI5 so- 
lutioA (0.005 M) had to be used, because higher TRIS 
coRcenirinJonsdiaturbUieivoieiiiaiudysianQettMd. The 
ttieafle test is done at difiBxcttl TRJS volaxnee at 
diflbent dne points, because oiliefwise the released 
pioieiii coooemraiioA would have been too low for the 
eodceniracion aiialysfi. This cD09e» the maxi- 
mum SiOi conceirratlon of 79 ppm in the BSA dit- 
sofoden test (Fig. 3). All Ihe dissoUiiioa botUes were 
kept in die shaking water bam (Comrbrt Heto Master 
Shake) at37*C. speed at 170. 



2A iV] Sarptkm 

Dried SiOs gels have iilwaya a gieai deal of onoisture 
left in the pofea, which makes the surface area mea- 
nireneat anore dlfncuh. All pores have to be emp- 
tied Ia Older to achieve reliable sped&e surlMO aiea 
resutiB. If the pom are only partly Mpty the mea- 
ftHFBment Ss impossibfe, because the vacuum inside the 
measurement chamber cunnot he malatalAed (evapora- 
tion of inoirtiiie from ihc «pecunen). It is possible to 
odileve Indixeci resuha on the pore structure by beat- 
tteotlag the gels before moistaro avacuaiion, bin this 
wiU cbaoge the pore stniccure and diiferencc to the 
dried gels is coa^idered to be too great. Instead of hir- 
dwr hoac-ireatmcnt^ we have used 6 botirs acetone wesh 
to remove the moisture and ethanol r^oni the pores of 
the dried SiO} gal. Aceione witsh is alfto used by Har- 
reld Qt el. to remove the water, alcohol. And unn^aeied 
monomen from aged geh |24]. After tbe acetone wash 
the gels were kepi io a desiccator at room tempera- 
ttue. Tbe aoiption iaoiiiemss were measured using a 



MicroTneridcs ASAP 2010. Brauncr, Emmet andTeJler 
(BET) method was used to calculate the apeciflc surfhce 
luea (P/Po < 0,22). The evBCuation of the specimens 
was done in the rneaaurcnftent chamber at 30°C. The 
pressiKC prior to the roea&uicmejw was 2-5 ^mHg. 

2.5. iXhMeasurtmems 

Thermogravirocirlc uialyats (Nei»ch-TA4> was done 
k»efdre and after tbe acetooe wasb in order to coaArm 
the moisture evactiadon Ccom U» pores pnavious 10 Ni 
sDjptioti mea.'tiinsaieata. Tbe heaMteatment speed 0.3 
I^mJn was used. The measuremenu wens done iirom 
20 to 600^C. N3 was tised bb protective gas, 

a. ResidtsaiiillMscuflricni 

J./. Piart Structun 

The q>ecifte8iiifMeaiBa(SSA)onbe mondidtic sticks 
cooldbeadiliistedonalaige Kfiftle where as dl micropar- 
lictes have a low SSA. There are no great differences 
In die average pore diameters (Thble 2). Two caam- 
plei oCNf adsorpuon-desorption isodientis are shoiwn 
in Fig. 1. Tbe sorpdon Isodieims shoy^ that tbe re- 
sult &it SSA und pore volume ore reliable, but in the 
case of average pore diameter, aome of the reautis are 
questionable (net shown in l^ible 2). Tbls depends on 
the low adsoifaed amounts of Mi in die case of dense 
specimens resulting tu inadequate quality of Ihe sorp- 
tion Isodienn on the area, which is used to calculaie 
the average pom diameter. The TGA results for Cm! 9 
and Cak20 indicate 5-10% weigtn loss (waiter, edianol 
ii2»d uBTCttCied mononners) after the acetone wash. After 
the aoBtona wash \\ was possible to evncuaie tbe SiOi 
sped laens at room tcmperaiiire, which ensurea mini- 
msl structural diangea during tbe pre-treatment of the 
Ni sorpdon mettsurcmeot. 

3.2. SiOi DissiAuticn and PwteinRtteM 

The main results siunmorixiog tbe dissolution of SiOi 
and lis conneciion to SiOz matrix stnicuire we shown 
in Fig. 2. The SiOjdissoiiidon is shown afier 1. 3 tmd 
7 dfty& of tmiiiei*frion In tbe TRIS solution at 37°C 
buffeted to the body fluid pH = 7.4. It is observed U)Bt 
specific surface area is not the most important factor 
controlling the dissolution of S1O2. Tbe microspheres 
wim SSA « 4.3 roVg (BslS) disaolve much fasier Chan 
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the moaoUihtc slick sntb SSA — 6^ /fi (AmO)}. 
Hio main parameief^ ccmlrollkia Uie SiOz lol-fiel pio- 
COBS ore well cbaracterUed bolh wiih respect lo Che 
chemicol siructure (9. 22) juul poce strucare foimaiion 
19]. Tliis itiformation Has been utiUsed in ibis suidy (o 
coatro] the SUOj ^micmres. Tbo macrofipbercfi (BftlS) 
h&ve been prqpured ui condiUortS [22] Hint fesolt la a 
low degree ofcaodcnmdon of StOH (lowpH, lOfwR}«l» 
ihe cnse of the moooJltbU stick (AmO 1), the condliloiu 
fovourihocoAdMsation to pvoceed fasivr. Id both cmc< 
ibe is mlsed from pH 2-3 to the protBin-compniible 
level (pH 53 and 6.43 Hiat is known io ftvcur cojjden. 
sadon [9), bui In tl>e case of 7nicroipben» the raiscsd pH 
isnei let to aO^ect the prooe^fi, beoauae the s^y-diyine 
la done right after tbe pH adjgstnKni, For the iiiodq- 
lith Lhe drying occuircd slower in The motild fDvouriag 
the condeosaiioa reacdon. In addLiiOfit the inonolittdc 
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«dakhaa boai prep£u«cl aiWghar wuicr-fo-TEOS raHo. 
whfeh i& known 10 fftvour hydrolysis pi. Tliis ahowa 
the Imporionce of ilw dvsmical suwctum of SiOj 
U is aeconlium wltl> cazlier obswvadons for soi-gel 
derivttl fiiUea fibers made ai corre£p<mc»ns candiUonfl 
fttgiildttg in A low degree of condensation [25, 26]. 

The iaaIa principle for « proi ein-f flendly sol-gel pro- 
cess for SiOt hea been imtoduedd eArUer |14}. hui th£ 
pigoess was devcioped only for protoin eneapsuladoD. 
noi for (contrtilcd) release. Slower SiOj diesolurion 
18 etsler to acliievc, beceuse the main parameter con- 
uollhig the slow dissolution is the luune as the suit- 
able pK For many proielns. pH at ^ 4-7, lb acbleve 
foatdlisehiiion at proleln-frisndiy concUiions, t\\e. sqU 
for microfiphetes in Oroup B were ftcsi aged ne&r m 
(he gel pmm (cotTBspondiAg d»e relative gel bme al 
a90-0.95) at pH = 2 u^ing a low waier-to-TEOS m- 
tio (it — 2). This tcanlis ift a sol where the number 
of Si-polyinera Increases, bai die rate of condensauoA 
sii^B low, The^dk was adjqstod to 4.4-7 before protein 
addition. During the sol agpng near to the gel point, 
the vifioosi^ Is raised to a level, where spray-dryiTig is 
pcacdcally impossible and die solhad to be diluted by 
adding extra water and eihanol into die aoL Both pH 
and viscosity kUustment artert die foimiidoii of chem- 
ical sirueiuffi- Bdiaaol, whieh retarda die eondensatlon 
rBBciieiis» would be a better solvent lo adjust the via- 
cQsiiy than waier dint i^voiars fUnher faydsolysia and 
condensation. Unfortunately, the use of eihanc! is limr 
Hed fhie to danger of explosion during spray ^drying in 
air atmoq^ere. In addition, the possible denaiuration 
of prateiAS caused by eihancd ha» lo laken into the 
coaaidemdon. Tb retain the fast^diasolving atrucwre 
BcMeved during iho agiing of the aol (in Croup B), die 
sol was spray^dried to tniompheres right after the pH 
adjuBQ-nent and diluiioa. In the case of coiTCsponding 
raonoHlhs. the pH aiQustaQent and dUudoa caused re* 
ma^blechangca during d)eTetatively shon aging dme 
(compazed to the initial sol aging liipa nt Unw pH nnd R) 
between iht adjDfitments and the gel point SiOs disso- 
ludon ofche moiLoiidu (EmOft-H) was much slower 
than for correipcnidiag micropcniclea (Bs]3~17) and 
it is analogical with xhA group (Cml8-2a) that had cor- 
responding candidoss rrons tbc beginning. Dae to the 
anong efiect of pH n^usiment and dilution of d^ sols 
((roup B> on the monolithic sdcks. onodicr mediod 
waa devcioped to aOhieve fast dissolution. In analogy 
widt die spray-drying of tnicroapberes^ fk^eze-drylng 
was done right after tbo pU adjusiRiem (BinLl). The 
lesulting monolith <fisxolved cloarly faster (TiLblo 3). 
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ThecfiiBCtof bodi cbemkai amicmre and thespccific 
stuAioe aroa on die monollUis Is seen in FSg. 2. Bxnll 
(SSA 45 mVg) and Banl2 <SSA - 3.4 cnVg) ase 
bodt monaiithic aileka wil^ relailvely low surlaee area, 
hut dUfemBce is SiOjdisaolutioa la clear and. to onnl- 
ogy wid» di8 microspheres, die denser macrtx, Bml2. 
diatsolves foner* The reason is the same as for the mi- 
crospheres. Bm 12 has been pre^aiod at conditions diac 



PAGE 16/10 * RCVD AT 0/1/2006 6:55:25 PM (Eastern Daylight Time] • 8VR:U8PT0-EFXRF->S/8 * DNI8:2738300 * C8ID:703 838 0447 * DURATION (mm-ss):06-02 



Sep 01 2006 7;04PM HP LASERJET FAX 1703) 838-0447 p-X7 

aO-09-ZD» \t:V ttlSTA -mUN PATOiniTOtmSTO WliZMISSB IC-595 S.0I1/BI3 T-4C0 



1S4 ^imtaetai 



nsult In Ipw dAgree of condeusadon of SiOH and tlM 
fteeifi-dfying is done rigbi 4fter iHe pH and R adjuit- 
mems. The specimen (Broil) with SSA 43 nr/g « wi- 
tUlly a]S<d m corrMpondhig oofldldons, but after thai 
die It adjusted lo 1 S and p>I co 6.6, which favour con- 
denndon of SiOH duriAft die slowar. BponlaacQiiit ag- 
ing and drying. Although the raised pH alXiBeted also die 
ftHined pwe fitruccure (one order of cnAgniuide larger 
SSA than fbr SIO3 with SSA ■> 3^ di?/gK tbe dtosolu- 
lioodf SiOs^wav sdll clearly slower. The speobiten with 
SSA 6W m*/^ (Group A, AmOl) is prepared from die 
begbifliag at conditions dial coire^iond those of Bcnl I 
after pH and R adjiistmenL The hydrolysis Is dona al 
pH2.8Bndff 15fDiblel}AndpHwfi3adJu5tedtD5.3 
right after die hydrolysis. Thus. a» themonoiichk sdeks 
SSA « 43 m*^ axMl SSA « 697 raVg OxiU) affected 
by conditiona tliat favour eondtsnsMioa) are compared 
10 each odier, die difCeienoe In the dissolodon rate Is 
doe to ihe differences in the specific aur&ee ansa ond 
poie volume. However* fbo effect is weaker dun thai 
Observed between Bmll aiidBmliz. 

Although the freeze-drying showtd its potenlinl ln 
^be preporadon of fast-dissolving monoUths aipnsieinr 
compatible conditions, the quuUly of the frteze-dricd 
ooooitlhic nicUc needs to be studied Turner due to a 
brittle stnielure in some specimens. Another posslbil* 
ity to prepare fest^ditsolving monolidifi (Umt ore not 
bridle) ia procesi^ done at pH ^ 2 and ni A ^. as 
dsownoodier forconripondingStOi fibens [25. 26] but 
die low pH 16 a problem without additives That pronflci 
dM biological activity of proceins. 

If one compares two microspheres groins to eacb 
olber (Group A and B). die difference in SLO3 disso- 
lution (Thbie 3) is also dear, but there is wot so big 
dSffercRce in the specific surface area or pore volume 
<T^e 2). The disjohitiaA results point out a^ain the 
Imponance of ttie cViemical structure. 

The Influtince of added pcoietn, BSA^ on the SIO; 
diSSOlndon Is also shown in Fig. 2. The inonolilhic sdck 
containing BSA widi SSA » 637 m^/g (AmOS) and die 
coaesponding pure SiOi siick with SSA = 697 mVg 
(AnDl) were both prepoied using parameters diet re- 
suUin large surface areast The specific aurfacsearcaisa 
bit lower for the spechnen containing BS A» hui the or- 
der of nmgnlnide is 8dl] the same. TheBSA-contaming 
specimen dissolves fasier nnd die difference, caused 
mainly by iha diffemnce in die bilcud dissahjiioB (faurst« 
IWe 3). is assigned to the extza space in the pore 
structure caused by the presence of BSA. The simi- 
larity of SSA results su£gftsta alfi6 tha* BSA does noi 




ttom die rooirlx fot cpocimm CaOC md CM. 

signtflcandy dKAtnh Uie leaotiona or asgmgaoon of Si 
species* 

SIQi dissotudon and BSA leleaso for two mono- 
lithic sticlcs prepared similarly, but having a dlfflnence 
in waier-to-reOS raUo (ft = IS and /I 30) (Cm20 
and Cm23)» arc shown In Fig. 3. The differences be- 
tween SiOi disffiolutiofi end BSA release are not gmau 
The SiCh dissolution is in both cases a bic faster dian 
BSA release, but the slope of die linear fits (corroladon 
Jin all cases > 0.99) agree afanost perfectly. AlUiough 
die SiOi dissolution has a s iigbi butau the BSA release 
is slow in die beginning. This ia suggested 10 occur 
due to SJO3 dissolution that is needed to release die 
first encapsulated protein molecules nearest to die sur- 
face. The BSA rclea« was modelled with empirical 
equaiioo [21, 281 MJMoc = kr, w«e MJMco is 
die fractional release amount of drug, k is consumt. 
r is time and n is dlffbsional exponent. Fot dns&icai 
Fickidn diPTusion n is 0.5 and for erosion cnntrolled 
syitcm (zero order release) n is 1. In our case n > l» 
which orighiate!! from die tag dme In die beginning. 
The lineuc release after initial slow phase> however, in- 
dicates a release system thaiisnotdiirusion-controiled. 
The rcsuks on the pore structure for the oorrespond- 
ing monoHihs In Group C Jhow riiat the avcrase pore 
diameter Is smaller ihan ttse size of BSA. which sup- 
ports die BUggeatlon on the mstrix-arosion controlled 
release. 

The overaU dlssoludon rate of monoliths is faster in 
Group A compored to difi Group B and C and it de- 
pends mosdy on die initial burst up to -^23 h (Table 3). 
The main difference comfiafcd with die other gnsiips 
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is tbt high luifure am axu) por« volunw {TV\blc 2) chfit 
sottins la fovQur but*!. The efFcci of bursi is even 
wort Bignificsmi In the BSA-doped gpwrimcns and Iv 
depeoiU also oi> the loedinc of BS A (microspberes In 
Craup A). ThB dissolution r«e qF SiOi waa aiowesi 
forpm SiOi microspheres and increased as ibe load- 
bfi l« lacwweed from 1.7 to 5 BSA. In Group C 
tfecfc m CWD mattiees whece tlic pH was aoc raiGcd 
aAer ita hydiolysis. Thqfic mavices (pH = 2) had a 
bit slower SiQi dfsKoludon rate rtian the oiJier »pec* 
smau in Qroup C. This U pardy due to den w poxe 
sliitciure (celalivBly fo»t bydrtily&LA. tm slower con- 
densodan). There wast not a dUToience in SiOi 
release in the proimn-d^ed and undoped inaiioliUift 
prepfitetf ai p«b = 6. It, - IS or i?i = 30. Thin leads 
10 a lofiioa) conclusion (in gmup O that the doped 
BSA dlsnirbs teas SiCh specinwiu with a larger sur- 
f»oe area than SiQi cpeoiinens wiih smaller surlEsce 
area. 

As the surface areimo- volnme (5A/V)ordiB siudied 
moaolidilo edcks and microspheres are compared to 
eacb odier (eiiher by n»ng external surfsce areas and 
volumes or the measwed values lior pore sviMture Hi 
TUbk 23« It is clear thai the obtained SA/V values (val- 
ues whhln the Munp order of macnitudo for al) spec- 
imens by usins Che measuied surface 
voiuroe/s and by using SA for 1 c -> 5SA compared 
to aacnuJ vohiiTiB, the SA/V is much laiger for stowly 
dissolving specimens) da oot explsio ttie'^ieas difTe^ 
enoes in die dissolution rates. 



4. Concfauioii 

Biomorpdon (dissolation at the body fluid pH) of SiO& 
matrices, both dried monolidiic sticks and spray-dried 
miccoaphercB. can be adjusted on a iatgc ^icale within a 
narrow protdn-fticndly so) pH- window. Simple adjttst- 
menti of sol componem concentrations ond »ot aging 
resuhcdboth io Cast (days) and i]ovt (weeks Sl eionths) 
dissolution. The failcsii dissolving matrix was achieved 
for one of the densest matrices (SSA 4.3 m^/g and 
pore volumo k 0.001 cm^/g). which dissolved clearly 
fiaster than the specimen wid> 1 $2 limes higher epcd Ac 
surface are (SSA « 697 mVg and pore volume » 0-39 
cm^/]l> polnibig oui thai the importance of otieinical 
sifucture of SiO? in comparison with cha specific stf- 
faoe area and pore voh4me. 

It was shown that the dissolucioiiof SiOi maul- 
ees Is reUuned if dkc properly a(ed sol at low pH and 
jC'Vahie is quickly dded (spray- of tireeze-dried) after 



pH adjttSimenc to the proiein-frieTidly IcveL Phsc dry- 
ing prevcniB extensive condcnaocion of SiOH groups. 
The slow fcsonplion is achieved boih tor monoUUw and 
mlcrosphexw by simple acUustments oJ sol oomponem 
concentrations. 

BS A is released from Uie SiOi matiiA and die release 
profiles are linear. Diffusion is not observed due tolarg© 
sizB of proteins . For matrices prepared at tow pH &nd J?- 
value, the protein release and mauix resorpdon neatly 
overlap suggesting nearly surface eroding maaice. The 
results show additionally that the added BSA does noi 
significantly disiuih the SiOi muirix forroadon and ii 
oflteialefts thercaorption resuluiof SiO} astheinairica» 
have a laiger surfisee area. 
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